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Intraflagellar transport is involved in the assembly of
cilia and eukaryotic flagella. Two recent studies have
shown that defects in intraflagellar transport prevent
assembly of sensory cilia in Drosophila, leaving the
fly deaf and uncoordinated. Surprisingly, the mutant
sperm flagella have normal structure and motility.
Cilia and flagella are long, slender organelles which
extend from the cell surface and perform diverse
important functions in a wide range of eukaryotic cells.
The cilia and flagella most familiar to biologists are
motile; examples include the cilia of the upper airway
and the flagella or ‘tails’ of sperm. Many types of cilia
are non-motile, however, including the primary cilia that
occur singly on many mammalian cells, the modified
cilia that form the light-sensing outer segments of ver-
tebrate photoreceptor cells, and the sensory cilia at the
tips of many invertebrate sensory neurons (Figure 1A).
In nearly all cases, the basic structure of the mature
cilium or flagellum consists of a microtubular axoneme
surrounded by a ciliary or flagellar membrane, which is
continuous with the cell body membrane but represents
a separate membrane domain [1].
Work over the past decade has indicated that
virtually all cilia and flagella — both motile and non-
motile types — contain an intraflagellar transport (IFT)
system (reviewed in [2]). First reported in the model
organism Chlamydomonas [3], IFT involves the move-
ment of large ‘IFT particles’ from the base to the tip of
the organelle, and then back to the base, where a large
pool of IFT-particle proteins surrounds the basal body
(Figure 1B). This movement, which occurs in the space
between the axonemal microtubules and the flagellar
membrane, is generated by microtubule-dependent
motors. The movement of IFT particles toward the tip of
the organelle is powered by kinesin-II, a heterotrimeric
kinesin containing two motor subunits and a non-motor
subunit termed kinesin accessory protein (KAP). Move-
ment in the opposite direction is powered by a specific
isoform of cytoplasmic dynein. The IFT particles are
complex, comprising at least 15 different polypeptides.
The function of IFT is not completely clear, but it is
generally believed to involve transport of axonemal pre-
cursors to the tip of the organelle, where axonemal
assembly occurs. IFT has been shown to be essential
for the formation and maintenance of Chlamydomonas
flagella, Tetrahymena cilia, Caenorhabditis elegans
sensory cilia, sea urchin cilia and mouse primary cilia
and photoreceptor cilia. Two papers [4,5] published
very recently in Current Biology have now extended
these findings to the sensory cilia of Drosophila
melanogaster. 
By an elegant combination of genetic analysis,
electrophysiology and electron microscopy, Sarpal et
al. [4] have demonstrated that Drosophila mutants
with defects in either KAP or one of the motor sub-
units of kinesin-II fail to assemble the ciliary axoneme
at the tip of the sensory neurons of Johnston’s organ,
the Drosophila auditory receptor. As a result, sound-
evoked potentials were completely eliminated from
the Johnston’s organ neurons. The mutant flies also
were highly uncoordinated, presumably because of
defects in other neuronal sensory cilia, including those
involved in proprioception, and exhibited high levels of
embryonic lethality. While all these defects could be
due to loss of sensory cilia as a result of impaired IFT,
kinesin-II also is involved in axonal transport of choline
acetyltransferase [6], so some aspects of the pheno-
type may be due to defects in other types of kinesin-
II-driven transport.
This presumably is not the case, however, for
Drosophila mutants defective in the nompB gene.
Mutants in nompB — for no mechanoreceptor potential
B — were previously shown to be defective in the func-
tion of ciliated sense organs [7]. Han et al. [5] report that
NOMPB is the Drosophila homologue of the IFT-parti-
cle protein IFT88. IFT88, which has tetratricopeptide
repeats believed to be involved in protein—protein
interactions but no other obvious functional domains
[8], is essential for flagellar assembly in Chlamy-
domonas [8], and ciliary assembly in C. elegans [9] and
the mouse [8,10,11]. 
Using GFP-tagged NOMPB, Han et al. [5] found
that the protein is expressed exclusively in ciliated
sense organs, where it is enriched in the cilia and
most concentrated around the basal bodies — a dis-
tribution identical to that of IFT-particle proteins in
Chlamydomonas [12] and mammalian photoreceptor
cells [11]. Han et al. [5] also found that nompB
mutant flies fail to form sensory cilia in the chordo-
tonal organs and olfactory sensilla. As previously
reported [7], nompB mutants are unable to respond
to mechanical stimulation of bristles, and like the
kinesin-II mutants, they do not respond to sound.
Inasmuch as IFT88 is not known to function any-
where but in cilia and flagella, all of these defects are
probably due to loss of IFT.
Surprisingly, given that IFT is essential for the for-
mation of all other cilia and flagella that have been
examined [2], it turns out that it is not needed for the
formation of functional sperm in Drosophila. Sperm
of both the kinesin-II and nompB mutants are motile.
Although the mutant flies are too uncoordinated to
mate, when their sensory defects are rescued by tar-
geted neuronal expression of the appropriate wild-
type protein, males are fertile. Moreover, sperm of
the kinesin-II mutants have a normal ultrastructure
[4], and those of nompB mutants are capable of
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competing with wild-type sperm for fertilization [5].
So the sperm of these mutants appear to be normal
in every way.
Han et al. [5] suggest that unusual features of
Drosophila spermiogenesis may account for this
independence from IFT. The formation of most cilia and
flagella is initiated by contact of the basal body with the
plasma membrane (Figure 2A). As the axoneme then
elongates from the basal body, it is tightly enclosed
over its entire length by the membrane, which becomes
the ciliary or flagellar membrane. Because the axoneme
grows by addition of new subunits to its distal tip [13],
the site of assembly of these subunits is far from their
site of synthesis in the cytoplasm; this is why IFT is
required to deliver the axonemal precursors to the
growing tip. The Drosophila sperm axoneme, however,
which grows to a remarkable length of at least 1.8 mm,
is almost completely surrounded by cytoplasm during
its elongation; only the last micron or so of its distal tip
is enclosed by an invaginated plasma membrane
(Figure 2B) [14,15]. 
Han et al. [5] propose that this spermatid architecture
allows axonemal precursors to reach the growing tip of
the axoneme without IFT. This unusual form of flagellar
development is likely to be related to the extreme length
of the Drosophila sperm axoneme. If the axoneme elon-
gated within a flagellar membrane and its growth
depended upon IFT particles moving at the rates
observed in the approximately 10 µm long Chlamy-
domonas flagellum [3], it would take each particle up to
20 minutes to make the round trip to the flagellar tip, and
a tremendous number of particles would be required to
ensure an adequate flow of axonemal precursors.
Although Drosophila sperm have avoided the
devastating consequences usually associated with
loss of IFT, motile sperm will not be of any benefit to
these IFT-deficient flies, because they are deaf to the
male courtship song, and in any case too uncoordi-
nated to mate. This invites speculation that insect IFT
might be an appropriate target for an agricultural pes-
ticide. Crop plants lack cilia and IFT proteins, and
should be unaffected by compounds that target IFT.
In contrast, insect auditory and olfactory receptors are
ciliated and located at or near the insect’s surface,
and so should be highly susceptible to such agents.
Insects that are unable to hear or smell would not be
able to locate either mates or food resources.
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(A) Schematic representation of a ciliated sensory neuron (yellow) in Johnston’s organ of Drosophila (modified from [4]). (B) Schematic
enlargement of the base of this sensory cilium, illustrating the IFT system. Kinesin-II actively transports IFT particles and dynein to the
tip of the cilium; dynein returns the particles and kinesin-II to the base of the cilium, where a large pool of IFT proteins and motors sur-
rounds the basal body. M1 and M2, motor subunits of kinesin-II; KAP, kinesin-associated protein.
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Figure 2. 
(A) Schematic diagram of flagellar growth in Chlamydomonas.
Prior to initiation of axonemal assembly, the basal body (BB)
docks at the plasma membrane (PM). The axoneme (AX) then
elongates from the basal body and is tightly enclosed by a fla-
gellar membrane (FM) as it grows. *, site of axonemal assembly;
N, nucleus. (B) In contrast, the axoneme (AX) of the Drosophila
sperm elongates almost entirely within the spermatid, with only
its distal tip (DT) surrounded by an invagination of the plasma
membrane (PM). The remainder of the axoneme is separated
from the plasma membrane by a considerable amount of cyto-
plasm containing mitochondria (M) and other organelles, includ-
ing an endoplasmic reticulum (ER) that forms a sheath around
the axoneme. Following elongation, most of the cytoplasm sur-
rounding the axoneme is eliminated during the individualization
process (not shown) [16]. The inset shows an enlarged view of
the distal tip of the growing flagellum. N, nucleus. (Modified from
[15].)
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